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The present invention relates to optical waveguides in general, and more particularly to a light redirectina and 
grating in a selected reg.on of an elongated solid portion of an optical waveguide 

■* K^ alr8ady kn0Wn VafiOUS constructions of optical waveguides, including optical fibers that are provided 
with embedded gratmgs the, are being used either for inserting light into or for removing "ght from the respect ve 2 S 

fTber This oiln. , , V '°l ° f taPP '" 9 radia,i ° n ,f0m ' ° f inj6C,ing radia,ion int0 « a sin 9 |e ™ de 
Till 9 Tl * 18 POSSlb ' 9 10 C0nV9rt a 9Uided mode in an °P ,ical nb °' '"to a tunnelling leaky mode 

thelide^ 

the gu ded mode from the fiber core into the cladding by converting it into the leaky mode, and ultimately from the™ er 
a together, or to insert light of an appropriate wavelength into the core to form a guided mode theZ fa! S fan 

iTr^:*; ftTnl z T ex,e ; io ; of ' he fiber ,oward ,he sra,in9 to pro ^ ate * *• 

converted by the gratmg into the guided mode in the fiber core. It is disclosed in this patent that the cratino mav be 
formed mechanically or by exploiting the pho.oelastic or photorefractive effect;.in eithe'case he ^inq JfoZd in 

While this approach may achieve satisfactory results for some applications, it has an important disadvantaae in 

a le tote facZ, ?n a f SeS H °' V" ^ ^ °« °* °' ,he ° p,iCal flb " ™ s « -t^SS^K 
I V ' mU ° h 83 ,he 9rat,ng is imposed normal ,0 lhe longitudinal axis of the core the conversion 

ma, a 2 m0Q : ' eaky ^ ° f ViC6 V6rSa tek6S Place with unifo ™ di8tri °"«°" ^1 around the Z axi so 

that a predominant proportion of the leaky mode is not captured by the sensing arrangement when thl approach is 

the core v a the cladd.ng mode and its conversion into the guided core mode at the grating 

It .s also already known, for instance from document US-A-4, 725,1 10 to impress periodic gratings into the oetical 
fiber core by exposing the core through the cladding to the interference pattern of tJcOmJ^S^m beams 
tnat are directeo against the optical fiber at two angles relative to the fiber axis that complement ™T<totto?W 

Mot^rZT^ T* ,h6 9ratin9 iS ° rien,ed n ° rmal 10 the fiber - is s ° "* It reflect oHhe m auncL 
into the fiber core for guided propagation therein in a propagalion direction, only that having a wavelength wftlS a very 
narrow range, back along the fiber axis opposite to the original propagation direction so that such reflec ed I fan ll 
guided ,n the core to the point a. which the original light had been hunched into the fiber m^EETfZ 
grafing ,s transparent to light at wavelengths outside the aforementioned narrow band so that it does no aS tie 
further propaga.on of such other light It may be seen that this approach has its limitations as wtl, n that « is not s S 

!r be 3s gmean,ng amoun,soni9h,,romoriam 

S Lfc 7 h, k I l0n9,t " d,nal 3X18 of the waveguidmg region, such as'of a fiber core, so that the thus formed qraL 
redirects light between a first path extending longitudinally of the waveguiding region and at least one ^second 

.s.»ed ty ,n external sou«. Mo to g^ing, depending on , he „ > K. to |S« M LT 

o, ta* tm lnto , he rave9uBe „ M „ „, re>|l2M me | ?,o»5 a tens S* It* 
S„i ^ I 9 "' a ' i0n an " *"" iS q * ew,n,ive ' "iriiMntly ™toeeeto costo? to .qute™m ana hi 

a. another point, to tea po.iod beino graa.a, ton to sacond ona Guided modas ol lio£ to °i„«7to 
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From document EP-A2-0, 282,878 an arrangement for an optical spec trometer and a method of fabrication thereof 
has come to be known. This arrangement comprises an aperiodic grating where the waveguide is curved, thereby 
causing the light to be reflected out in an angular fashion. 

Said document neither discloses nor suggests the use of an embedded grating having grating elements extending 
s at an obligue angle relative to the axis of the waveguide. 

Accordingly, it is a general object of the present invention to avoid the disadvantages of the prior art. 

More particularly, it is an object of the present invention to provide an optica! waveguide with an embedded light 
redirecting arrangement which does not possess the disadvantages of the known arrangements of this kind. 

Still another object of the present invention is to develop the light redirecting arrangements of the type here under 
10 consideration in such a manner as to obtain highly efficient coupling of light at a selected wavelength within a limited 
range between the optical waveguide core and a spatially limited path extending externally of the core and passing 
through a focus or focal region. 

A concomitant object of the present invention is to develop a method of forming the embedded tap in the optical 
waveguide core, which method is highly efficient and reliable. 
15 These objects are solved according to the invention by a light redirecting and focusing grating optical waveguide 

according to the features set out with claim 1 as well as by a method of forming an embedded optical light redirecting 
and focusing grating exhibiting the features as set out in claim 3 Claim 2 exhibits further improvements of subject- 
matter of claim 1 . 

An optical waveguide light redirecting arrangement includes an optical waveguide having two spaced end portions, 
20 and including at least a waveguiding portion of a solid material capable of guiding light between the end portion in a 
first path extending along a predetermined axis. At least one grating region is embedded in the waveguiding portion 
at a location remote from the end portions, and has a multitude of grating elements extending at such spacings relative 
to one another as considered in the direction of the axis and at such oblique angles relative to the axis to redirect light , 
reaching the grating elements between the first path and at least one second path extending externally of the waveguide 
25 and diverging between a focus and the grating region. There is further provided first optical means for directing light 
into one of the first and second paths and toward the grating region for redirection by the grating elements into the 
respectively other of the second and first paths with attendant in -phase combination in the other path of light having a 
wavelength within a range around a central waveiength, and second optical means for capturing the light propagating 
in the other path. 

30 a method of producing the grating region involves the exposure of the waveguiding portion to the interference 

pattern of two coherent ultraviolet radiation beams, where the angles of these beams with respect to the longitudinal 
axis of the waveguiding portion at the center of the grating region are selected in such a manner that the interference 
pattern fringes (e.g. intensity peaks) extend through the waveguiding portion at the aforementioned oblique angle and 
induce permanent variations in the refractive index of the waveguiding portion in dependence on the intensity of the 

35 fringes, thus forming the aforementioned grating elements. One of the interfering beams may have a curved phase 
front, or the grating region may be bent either during the formation of the grating, or during its use, to cause the grating 
elements to have the aforementioned focusing effect. Another series of refractive index variations may be imposed 
orthogonally to the first one for the grating to focus to a focal point. 

The present invention will be described in more detail below with reference to the accompanying drawing in which: 

40 

Figure 1 is a considerably enlarged axial sectional view of an optical fiber provided with an embedded grating 
region in accordance with the present invention for use in redirecting light into or out of the fiber core with passage 
of such light through a focus external of the fiber; 

Figure 2 is a view similar to that of Figure 1 but showing the optical fiber as extending in a curved course during 

45 the formation or use of the grating region; 

Figure 3 is a view similar to that of Figure 2 but showing an arrangement employing two of the fibers of Figure 2 
arranged oppositely to one another and one issuing light into and the other receiving light from a focal region thereof; 
Figure 4 is a considerably enlarged partially broken away perspective view of a waveguide provided with a grating 
formed by two orthogonal systems of refractive index variations to have a focal point for its focus; and 

50 Figure 5 is a graphic representation of the dependence of the change in the refractive index on distance from the 

center of the waveguide, taken on line A - A of Figure 4. 

Referring now to the drawing in detail, and first to Figure 1 thereof, it may be seen that the reference numeral 10 
has been used therein to identify an optical waveguide. The optical waveguide 10 is shown to be configured as an 
ss optical fiber core, of which only a relatively short longitudinal portion is depicted. If so desired, a non-illustrated fiber 
cladding could be arranged, as is well known in the optical fiber field, around the fiber core 10. The fiber core 10 
incorporates a grating region 11 that includes a multitude of grating elements 12. 

At this juncture, it may be appropriate brierly to describe the arrangement disclosed in the aforementioned docu- 
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^St? e !Kh 7 u ' r !f mUCh ° f WhiCh 38 needed 10 ,ul * a PP reciat « and/or understand the present invention is 
USSffn^ - V • 80 33 '° 3id in understandi "9 the problem with whioh the present invention success 

the gSng " 9rat ' n9 re9 '° a in ^ Crea,in9 3 phase ^ effec,ive * directing light reaching 

r^Hir^H °f y a h qui ;° u sma,! P° rticn ^ the light propagating through the fiber core or being launched in'c ft. core is 

the X*T™^T2T' e * m iS b6ing ' aUnChed in, ° the °P ,ical fiber oore. i, is sufficient to direct a„ of 

mwmmfm 

55HK=~S3£3SS3S£= 

A d.rect way of inscribing the grating ,1 of the type revea.ed in Figure 1 of the drawing in accordance with the 
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present invention is by exposing the waveguide or core 10 to incident ultraviolet radiation beams at least one of which 
has a suitable phase front curvature, for instance, as a result of passage of the affected incident beam through an 
appropriately configured lens. In this context, it is to be mentioned that the in-fiber Bragg grating 1 1 can be thought of, 
and modeled as, a linear-phased array. Refractive index variations redirect a small fraction of an incident bound mode 

s into a radiation pattern that is determined by the grating element period tilt, and grating region length, the light wave- 
length, the waveguide cross section and the mode spectrum. If the grating period A is a constant, as it is in the ar- 
rangement of the above-discussed patent application, then the emission pattern is a narrow, conical diverging fan- 
shaped intensity distribution. In accordance with the present invention, this pattern is focused to a focal line in the near 
field by varying the grating period or wavenumber K = 27i/A. As indicated in Figure 1 of the drawing, a grating 11 having 

10 a linearly varying grating wavenumber or quadratic phase focuses the narrow diverging fan to a line focus at a point 
P(x c , z 0 ) in the longitudinal plane of the waveguide 1 0, thus creating the effect of a Fresnel lens. It is known, for instance, 
from the book by A. W. Snyder and J. D. Love entitled "Optical Waveguide Theory", Chapter 22, pp. 460 - 463, published 
by Chapman & Hall (1983), that weak index perturbations in a fiber core act as a distribution of point current dipoies, 
with phase and amplitude prescribed by the bound mode form and the grating period (or wavenumber) and strength. 

is In the Fresnel zone, near to the fiber, the diffraction field G(x 0 , z 0 ) in the longitudinal plane can be expressed in terms 
of a Fresnel transform: 



20 



L/2 

°' ~° ; ~~f* UK ~* )X ' ***** 



G(x Q , z Q ) ■ J e ^ K - 6)x • J kn * /2z o • 
2S -L/2 

. e -jkn(xx { /z o ) dx 



wherein n denotes the refractive index of the cladding, L is the length of the grating, k is the free space wavenumber, 
30 and (5 is the propagation constant of the bound mode. 
If we let K = K 0 + knx/2z 0 , then 
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G(x 0 , z Q ) . / «iC<V« " ta V 8 o3 x dx = 



-L/2 



sinc([(K o -8) - knx 0 /z Q ]L} 
«([(K 0 -6) - )cnx o /3 o ]L>. 



It may be seen from the above that the light is brought to a line focus at P(x 0 , z 0 ) where the angle arctan(x 0 /z 0 ) is 
determined by the values of K 0 , and kn, as is the case in unfocused grating tap, and the position z<, is determined by 

so the sweep rate of K. Given the reciprocal effect of the grating 1 1 , if light of the proper wavelength issued by an external 
source is caused to pass through and focus onto the focal line P(x 0 , z 0 ) on its way to the grating 11, the latter will 
redirect or launch such light into the waveguide 10 for longitudinal propagation therein. 

Similar focusing effect of the grating 11 is achieved if at least the grating region of the optical fiber or waveguide 
10 is bent along a circular arc or any other suitable concave curve, either while the grating 11 is being written by 

55 exposure to the incident ultraviolet radiation beams symmetrical with respect to the plane extending at the angle a 
relative to a tangent to the longitudinal axis of the waveguide 10 at the center of the grating 11, or during the use of 
the waveguide after the grating 11 has been inscribed with the waveguide 10 extending along a straight course, as 
indicated in Figure 2 of the drawing. Here, the phase variation is introduced by bending the waveguide 1 0 into a circular 
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arc having a radius of curvature p c 

~ EafiBKS'.EX.T" " "" " ~ ~ ~ — • " 



Claims 
1. 



A light redirecting and focusing grating optical waveguide comprising: 

a) an optical waveguide having two spaced end portions, and including at least a waveguidinq oortion rim of 
a so.,d matena, capable of guiding light between said end portions in afirst path enenZlZ^ZI- 

b) at least one grating region (11) located at said waveguide portion (10) at a location remote from said end 
diverging between a focus s.tuated at a predetermined distance from said optica, waveguide and said gra'g 



characterized in that 



XXtlr," Sr ^ " BSSI « — - - — « — «• — - an 
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2. An optical waveguide light redirecting and focusing arrangement comprising a light redirecting and focusing grating 
optical waveguide according to claim 1 , and further comprising : 

e) first optical means for directing light into one of said first and second paths and toward said grating region 
for redirection by said grating elements into the respectively other of said second and first paths; and 

f) second optical means for capturing the light propagating in said other path. 

3. A method of forming an embedded optical light redirecting and focusing grating (11) in a selected region of an 
elongated solid portion (10) of an optical waveguide, comprising the steps of: 



10 



a) forming two mutually coherent beams of ultraviolet radiation at least one of which has a curved phase front; 
and 

b) directing the two beams transversely onto the solid portion at respective angles of incidence selected such 
that the beams are symmetrical relative to a plane extending at an oblique angle relative to the longitudinal 

is axis of the solid portion so that the two beams so as to coherently interfere with one another generate an 

interference pattern having intensity peaks that extend into and through said selected region, the interference 
pattern causing refractive index changes in said solid portion, thereby forming a multitude of permanently 
embedded grating elements (12) spaced along said axis, the spacing of said elements varying along said axis 
in such a manner as to redirect light reaching then between a first path extending longitudinally through the 

20 solid portion (10) and at least one second path extending externally of the waveguide and diverging between 

a focus situated at a predetermined distance from said waveguide and said selected region, the grating ele- 
ments (12) extending through said solid material at said oblique angle to said axis. 

4. A method of forming an embedded optical light redirecting and focusing grating in a selected region of an elongated 
25 solid portion (10) of an optical waveguide, comprising the steps of: 

a) forming two mutually coherent beams of ultraviolet radiation; 

b) directing the two beams into a spatial region at such respective angles as to be symmetrical relative to a 
plane of symmetry with attendant formation of an interference pattern having intensity peaks extending parallel 

30 to said symmetry plane in said spatial region; 

c) placing the selected region into said spatial region in such an orientation that said plane of symmetry extends 
at a predetermined oblique angle with respect to an axis of the solid portion substantially centrally of the 
selected region for said interference pattern to extend into and through the solid portion with attendant forma- 
tion of grating elements (12) constituted by periodically repetitive refractive index variations in the selected 

35 region (11) dependent on the intensity variations of said interference pattern the grating elements (1 2) extend- 

ing through said solid portion at said oblique angle to said longitudinal axis; 

d) positioning the selected region at a location of use; and 

e) causing said selected region to extend along a curved course during one, and a straight course during the 
other, of said placing and positioning steps such that during the' use thereof at said location of use the spacing 

40 of said elements varies along said axis or said axis is curved in such a manner as to redirect light reaching 

them between a first path extending longitudinally through the solid portion and at least one second path 
extending externally of the waveguide and diverging between a focus situated at a predetermined distance 
from said waveguide and said selected region. 

Patentanspruche 

1 . Optischer Wellenleiter mit Lichtumlenk- und Fokussiergitter, umfassend: 

50 a) einen optischen Wellenleiter mit zwei voneinander beabstandeten Endabschnitten, und mit mindestens 

einem Wellenleiterabschnitt (10) aus einem festen Material, welches in der Lage ist, Licht zwischen den End- 
abschnitten in einem ersten Weg entlang einer vorbestimmten Achse zu fuhren; 

b) mindestens eine Gitterzone (11 ), die sich an dem Wellenleiterabschnitt (10) an einer Stella entfernt von den 
55 Endabschnitten befindet und eine Mehrzahl von Gitterelementen (12) enthalt, die entlang der Achse beab- 

standet sind, wobei der Abstand dieser Elemente sich entlang der Achse andert oder die Achse in der Weise 
gekrummt ist, daG Licht, welches die Gitterelemente erreicht, zwischen dem ersten Weg und mindestens 
einem zweiten Weg, der sich auOerhalb des Wellenleiters erstreckt, umgetenkt wird und zwischen einem in 
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einem vorbestimmten Abstand von dem optischen Wellenleiter befindlichen Fokus und der Gitterzone diver- 
dadurch gekennzeichnet, daft 

5 

2 - !£^:rf5!!S!r^ 
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Wellenleiter mi, Lichtumlenk- und Fokussiergitter nach Anspruch 1 und weiterhin umfassend: 

Tn Richtuna d^rm he EMMU "S T ^ ™ UM m einen von dem ereten und dem ^weiten Weg und 

f) eine zweite optische Einrichtung zum Einfangen des in dem anderen Weg sich ausbreitenden lichts. 

3 ' S2S? Z 7 Um AUSbHC ! en 6ineS ein 9 ebetteten Ur "te"k- und Fokussiergitters (11) fOroptisches Licht in eineraus- 
gewahlten Zone e.nes .anggestreckten festen Abschnitts (10) eines optischen WellenleLs, umfassend £££ 

bS; IT ZWSi k0h " fenten U ' traViole,t - S,rahlen ' vo " «™» mindestens einer eine gekrummte Phasenfront 

s b ind e Sdt r S Z rh, S,rahlen T f ' eSten AbSChniU unt9r iaweiligen Einfallwinkeln, die derart gewahit 

Sv zu der 22 rT ,5C , h b f° 9 ' iCh Eb9ne Ver ' aU,en ' die Sich unter ™™ schragen Winke 

^ZZen u^XlT T AbS< ; hm,,S erStfeCkt ' 80 daS die beiden S,rahlen k « ^einander 
Zona r! 1 T ' n,e ^ ere i nzmus,er mlt mtensitatsspitzen erzeugen, die sich in und durch die ausgewahlte 
Zone ers recken, wobe, das Interferenzmuster Brechungsindexanderungen innerhalb des festen Abschni 

w!i!n h ? H m • beabs,andet s,nd ' Beabstandung der Elements sich entlang der Achse inder 

E^?oS2?i d ^! z : ischen einem ers,en Wea - der sich in 

res ten Abschnitt (10) erstreckl, und m.ndestens e.nen zwerten Abschnitt, der sich aul?erhalb des Wellenleiters 
erstreck. umgelenkt w,rd und zwischen einem von dem Wellenleiter einen vorbest mmten Abstend autweT 

SSL d !, r aUS 9 ewahlten Z <™ ^vergiert, wobei die Git.erelemen.e (1 2 sich 2S5£2S 

Materal unter dem schragen Winkel bezuglich der Achse hindurcherstrecken. 

*' ^2l e 7 n ZUrn AUSb ;-' de l 1 f 63 ein 9 ebette,en Umlen k- Fokussiergitters fur optisches Licht in einer ausae- 
wahtten Zone ernes tanghchen festen Abschnitts (10) eines optischen Wellenleiters umfassend die sZne 

a) Bilden von zwei koharenten Ultraviolett-Strahlen; 

b) Lenken der beiden Strahlen in eine Raumzone unter solchen Winkeln, dafj sie relativ zu einer Symmetrie- 

?s ^sss^ mi « der En,stehun9 eines '" terf — ^-s mi, 

aie parallel zu der Symmetneebene in der Raumzone verlaufen; 

c) Plazieren derausgewahlten Zone in der Raumzone in einersolchen Orientierung, dafidie Symmetrieebene 
hS^H h r H ,nem VOrbeS,,mmten schr ^ en Winkel bezuglich einer Achse des festen AbschnTeta ml 

Z ° ne erS,reCW ' damit sich das '^erenzmuster * den iJ^SSSfS 
S nfilinH I 6 Tl CM - Sinher 9 ehend mit der von Gitterelementen (1 2), die geMdeZrden 

fnteni« L 7**? Brechun 9 sif1d ^^ngen in der ausgewahlten Zone (1 in AbhSngigkTde 
l C hni« T h : a nkU . n9en d6S ,nterfe renzmusters. wobei die Gitterelemente (12) sich durch den Sen Ab 
schnitt unter dem schragen Winkel bezOglich der Langsachse erstrecken; 

d) Positionieren der ausgewahlten Zone am Einsatzort; und 
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e) Veranlassen, daG die ausgewahlte Zone sich bei dem einen der Schritte des Plazierens und Positionierens 
entlang einer gekrummten Bahn erstreckt, wahrend sie sich wahrend des anderen der beiden Schritte entlang 
einer Geraden wahrend ihres Einsatzesam Einsatzort erstreckt, wobei die Abstande der Elemente sich entlang 
der Achse andern oder die Achse in der Weise gekrummt ist, daG Licht, welches sie zwischen einem ersten 
5 Weg, der in Langsrichtung durch den festen Abschnitt verlauft, und mindestens einem zweiten Weg, der sich 

auGerhalb des Wellenleiters erstreckt, umgelenkt wird und zwischen einem eine vorbestimmte Entfernung von 
dem Wellenleiter aufweisenden Fokus und der ausgewahlten Zone divergiert. 



10 Revendications 

1. Un guide d'ondes optiques a reseau, reorientant et focalisant la lumiere, comprenant : 

a) un guide d'ondes optique ayant deux parties d'extremites espacees et comprenant au moins une partie de 
is guidage d'onde (10), realisee en un materiau solide, pouvant guider la lumiere entre lesdites parties d'extre- 

mite, dans un premier chemin s'etendant suivant un axe predetermine; 

b) au moins une region de reseau (11 ) situee sur ladite partie de guide d'ondes (10), en un emplacement distal 
vis-a-vis desdites parties d'extremite et ayant une pluralite d'elements de reseau (12), espaces suivant ledit 

20 axe, I'espacement entre lesdits Elements allant en variant sur ledit axe ou bien ledit axe 6tant incurve pour 

rediriger la lumiere atteignant chacun desdiis elements de reseau entre ledit premier chemin et au moins un 
deuxieme chemin s'etendant de facon exterieure audit guide d'ondes et divergeant entre un foyer situe a une 
distance predeterminee dudit guide d'ondes optique et de ladite region de reseau; 

25 caracterise en ce que 

c) lesdits elements de reseau (12) sont constitues d'elements noyes s'etendant axialement, presentant des 
variations d'indice de refraction successives dudit materiau massif; et en ce que 

30 d) dans le plan dudit premier chemin et dudit au moins deuxieme chemin, lesdits elements de reseau (12) 

s'etendent sous un angle oblique par rapport audit axe. 

2. Un agencement de reorientation et de focalisation de la lumiere utilisant un guide d'ondes optique, comprenant: 
un guide d'ondes optique a reseau reorientant et focalisant la lumiere, selon la revendication 1, et comprenant, 

35 en outre, : 

e) des premiers moyens optiques destines a orienter la lumiere dans un desdits premiers et deuxieme chemins 
et en direction de ladite region de reseau, afin de produire une reorientation a I'aide desdits elements de 
reseau, respectivement I'autre parmi lesdits deuxiemes et premiers chemins; et 

40 

f) des deuxiemes moyens optiques destines a capter la lumiere se propageant dans ledit autre chemin. 

3. Un precede de formage d'un reseau de reorientation et de focalisation de lumiere, par voie optique, noye dans 
une region selectionnee d'une partie (10) solide aliongee d'un guide d'ondes optique comprenant les etapes con- 

45 sistant a : 

a) former deux faisceaux mutuellement coherents de rayonnement ultraviolet dont au moins I'un presente de 
phase incurve; et 

50 b) dinger les deux faisceaux transversalement sur la partie solide, sous des angles d'incidence respectifs 

selectionnes de maniere que les faisceaux soient symetrique par rapport a un plan passant par un angle 
optique par rapport a Paxe longitudinal de la partie solide, de maniere que les deux faisceaux interferent de 
facon coherente I'un avec I'autre, de maniere a generer un motif d'interference ayant des pointes d'intensite 
s'etendant dans et a travers ladite region selectionnee, le motif d'interference provoquant une variation de 

55 I'indice de refraction dans ladite partie solide, de maniere a former une pluralite d'elements de reseau (12) 

noyds de facon permanente, espaces en suivant ledit axe, I'espacement entre lesdits Elements allant en variant 
suivant ledit axe, de maniere a reorienter la lumiere les atteignant, entre un premier chemin, s'etendant lon- 
gitudinalement et passant par la partie solide (10), et au moins un deuxieme chemin, s'etendant en exterieur 
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du guide tfondes et allant en divergeant entre un foyer situe a distance predeterminee vis-a-vis dudit guide 

suTfnnifi , T ^f 1 " 68 ' les 6l6m ents de reseau (12) s'etendant a travers ledit materiau massif, 
suivant ledit angle oblique vis-a-vis dudit axe. 

un/r^iSM? 'T ma9e 5" r6SeaU de t6a *«* k * t et de ^'isation de lumiere, par voie optique, noye dans 
consSn, a nnSe ^ ^ »** d '° ndeS ° ptiqUe com P™an. les etapes 



a) former deux faisceaux coherents de rayonnement ultraviolet; 

ni™ d6UX i aiSC , eaUX danS Une r69i0n Spa,iale ' 8005 des an 9 |es res P ec,ifs ' tels «** symetriques 
par rapport a un plan de symetrie, avec une formation afferente de motifs d'interference ayant des pointes 
d'.ntensrte s'etendant parallelement audits plans de symetrie dans ladite region spatiale; - 

c) placer la region selectionnee dans ladite region spatiale, sous une orientation telle que ledit plan de symetrie 

!itTvtT, unan ^ 

vis-a-v.s de la region select.onnee pour ledit motif d'interference et s'etendant dans et a travers ladite partie 

2ST 5 f °? deSdfe dS r6S93U (12): COnS,it ^ s ** variations d'in^es de 

m^ iTlt! ^ ? p !"* K > uement - dans la rtflion (11) selectionnee, selon les variations d'intensite dudit 

d) positionner la region selectionnee a I'emplacement de I'utilisation; et 

t P JZ^T T '' eXte t r i0n ? ' adite r69bn selec,ionn6e suj vant une trajectoire incurvee pendant une etape et 
une trajecto.re rect, gne durant I'autre etape parmi lesdi.es etapes de placement et de positbnnement, de 

varian I Zl' " * °" ^ emplacement ^'utilisation, I'espacement desdi.s elements aille en 
cZ 1 Z h 1 .""w ?" ' edit 6,ant ' M 3 redifi9ef 13 ,Umiere les a,,9i 9 na "t entre «" Premier 
IZ Jt . r? 8 " 1 d3nS 13 Parti8 SOlide et au moins un deuxieme chemin s'etendant en 

ThI e J a,lant 6n diVer9ean, enUe Un ,0y6r S " Ue 3 Une dis,ance P^eterminee vis^-vis 
dudit guide d ondes et de ladite region selectionnee. 
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